Research has shown that L2 utterances diverge increasingly from target language phonetic nonns as the age of L2 learning increases. Other research has ,;uggested that L2 speakers produce longer utteranceS than native speakers. The aim of this study was to determine whether L2 utterance durations increase as age of learning increases. Fluently produced English sentences spoken by 240 native speakers of both Italian and Korean (selected on the basis of age of arrival [.-\0.-\]) were examined. For both L I groups. the duration of English sentences was positively correlated with AOA. The AOA effect was found to be signiticant even \"'hen confounding \"ariables were partialed out. These results are taken as preliminary support for the proposal that the more established the L I is at th:: time of first exposure to the L2. the more it will intert'ere with L2 production. thus requiring greater processing resources to suppress it.
Research has shown that L2 utterances diverge increasingly from target language phonetic nonns as the age of L2 learning increases. Other research has ,;uggested that L2 speakers produce longer utteranceS than native speakers. The aim of this study was to determine whether L2 utterance durations increase as age of learning increases. Fluently produced English sentences spoken by 240 native speakers of both Italian and Korean (selected on the basis of age of arrival [.-\0.-\] ) were examined. For both L I groups. the duration of English sentences was positively correlated with AOA. The AOA effect was found to be signiticant even \"'hen confounding \"ariables were partialed out. These results are taken as preliminary support for the proposal that the more established the L I is at th:: time of first exposure to the L2. the more it will intert'ere with L2 production. thus requiring greater processing resources to suppress it.
A great deal of research has focused on the effect of variation in the age of L2 learning on the production of an L2 (Asher & Garcia. 1969 : Fathman. 1975 ; Long. 1990 : Patkowski. 1980 Patkowski. . 1990 . The results of these investigations indicate that L2 pronunciation becomes less authentic or more foreign-accented as the age of onset of L2 learning increases. These results have generally been taken as support for the critical period hypothesis. The critical period hypothesis states that human beings are optimally suited to learn certain types of behavior (including language abilities) during a certain age span. and that after this period has passed learning the behavior becomes difficult or impossible (Lenneberg. 1967 ). This view is based on the assumption that the neural maturational state of the learner (as indexed by the age of onset of L2 learning) is of primary importance of) 2000 Cambridge University Press 0142-7164/00 59.50 Applied Psycholinguistics 21:2 Guion et aL: AOA effects on L2 sentence duration 206 to language learning. Experiential and motivational factors are seen as markedly less important. Thus. the critical period hypothesis would predict that L2 learners could attain proficiency comparable to L I learners as long as the onset of L2 learning took place before the end of the critical period.' After this period. L2 learners would not be expected to attain nativelike proficiency in the L2. In fact. no relation between proficiency in the L2 and age of onset of L2 learning is predicted after the critical period has passed.
CQunterevidence to the predictions made by the critical period hypothesis~'as been provided by several studies. First. Bongaerts. van Summeren. Planken. and Schils (1997) compared some highly successful and highly motivated native Dutch late learners of English to native English speakers. They found that pronunciation ratings of 5 of II late learners were indistinguishable from the native English speakers. The critical period hypothesis would predict that only early Ieamers could attain such nativelike proficiency. Thus. the nativelikc proficiency attained by the later learners in the Bongaerts et al. (1997) study disconfirms the predictions made by the critical period hypothesis.
Second. the amount of L] use has been found to affect L2 production proficiency in groups of L2 learners matched for age of onset of L2 acquisition. Flege. Frieda. and Nozawa ( 1997) and Guion. Flege. and Loftin (in press) found that L I use exerted a measurable effect on the L2 pronunciation of earlier learners matched for age of L2 acquisition. Piske and MacKay ( 1999) found that the L I use effect also applied to late learners of an L2. The critical period hypothesis does not predict these resu1t~. as it only a]]o\\'s age of L2 acquisition as a predictor. The L I use effect found in the studies just cited was interpreted by the authors as an interaction between the L I and L2 systems. Flege et al. (] 997) and Guion et al. (in press) proposed that the L I and L2 phonetic systems re~ide in the same phonological space and can exert a mutual inlluence on each other. A]though the two systems can be acti\'ated to varying degrees (Grosjean. 1999 : Paradis. 1993 ). one phonetic subsystem cannot be fu]]y deactivated \\hile the other is in use (Soares & Grosjean. 1984) . Because the L I and L2 reside in a common phonological space and neither of the languages can be fu11y deactivated. the phonic elements of the L I and L2 wi]] influence one another in production. The strength of the inlluence could be affected by overa]] recent use of the L I and L2. whether the con\'ersation partners speak the L I and/or the L2. the extent to \\'hich interlocutors codeswitch. and the topic of conversation (Grosjean. 1982 (Grosjean. . 1992 (Grosjean. . 1999 .
A third set of studies has disconfirmed the predictions of the critical period hypothesis by demonstrating a linear relationship between age of L2 acquisition and L2 proficiency. The critical period hypothesis predicts no relationship between age of arrival (AOA) and L2 proficiency after the critical period has passed. Flege. Munro. and MacKay (1995b) examined an AOA-stratified population of 240 native speakers of Italian. These subjects had lived in Ottawa, Canada. for 32 years on average but differed according to AOA (2 to 23 years). A strong correlation between AOA and production proficiency was observed. such that the later subjects had arrived in Canada. the more strongly accented were their productions of English sentences. Yeni-Komshian. Flege. and Liu (1997. submitted MacKay. 1996 ) and consonants (F1eQe. Munro. & MacKav. 1995a ).
.

The linear relationship
bet\veen AOA and L2 production proficiency can be analyzed as an effect of L I and L2 interaction (Flege. 1995) . One hypothesis states that the more established the L I is at the time of L2 acquisition. the greater the infiuence it will ha\'e on the L2. This is because.
as There is also e\idence of the L I slowing L2 response latencies (Fox. 1996: Meuter & Allport. !9(9), In naming tasks. bilinguals showed longer response latencies when switchin~from the \\'eaker L2 to the dominant L 1 than when switching from the L] to the L~. The authors interpreted this finding to mean that naming in the L.2 requires acti\'e inhibition or suppression of the L I. In addition. event-related brain pt)tentia] studies showed that late L2 learners had slower processing in the L2 for some language tasks than did earlier L2 learners and monolinguals . Bilinguals \\'ho ha\'e slower reading rates in their L2 than their L I also showed slo\ver processing rates in the L2 in other tasks (Favreau & SegaJowitz. 1982 . 1984 . Reading rate was assessed by computing the average words per minute in read-aloud texts. They found that bilinguals who read the L I and L2 at the same rate comprehended the L2 at a significantly faster rate \\'hen allowed to vary the rate of presentation than bilinguals who read the L2 more slow]y. The bilinguals who read the L 1 and L2 at the same rate also showed faster reaction times on a lexical decision task in the L2 than bilinguals who read the L2 more slowly than the L I.
Taken together. the results from the Yeni-Komshian et a1 . (1997 . ( . submitted). Fox (1996 . Meuter and Allport (]999). and Weber-Fox and NeviJ\e (1999) studies indicate that the LI and L2 linguistic systems do indeed interact with each other. The interaction can produce reduced production proficiency. creating stronger foreign accents as wel] as slowing the processing in one of the languages. The hypothesis tested in the current study extends this observation.
We propose that the interaction of the L 1 and L2 affects production proficiency.
and that the more established the Ll system is at the time of L2 learning, the more effect it will have on the L2.
The aim of the current study was to determine whether a linear relationship exists between AOA and L2 processing rate. Given the close relationship of speech rate to other measures of processing rate (Favreau & Segalowitz, 1982 , 1984 , L2 processing rate was indexed here by the duration of repeated L2 sentences under controlled conditions. A correlation bet\veen AOA and sentence duration could indicate that the more established the L 1 is at the time of first exposure to an L2. the more it interferes \\lith L2 production and the greater the processing resources required to suppress it.
A number of previous studies have examined the duration of utterances spoken in an L2. Munro and Derwing (1995) had 10 adult Mandarin learners of English who had lived in Canada for 4 years on average read 40 English sentences. The Mandarin subjects' sentences \\lere significantly longer than those of the native English subjects (2.290 vs. 1.770 ms -a 290", difference). Elsendoom (1984) examined native Dutch speakers of English in the :"Jetherlands (Il = 27) and native English controls (11 = 9). The subjects were gi\'en a list of 344 English sentences to study. They heard these sentences o\'er headphones in blocks of 40. The subjects were told to copy the stress pattern and to pay no attention to the speaker's speech rare. The subjects were explicitly instructed to "use a tempo that was natural.·· The nati\'e Dutch speakers produced sentences that were significantly longer than the nati\'e English subjects (2.659 ms vs. 2.268 ms -a 179c difference). Howe\'er. Flege (1979) tested two groups of 6 native Arabic speakers who had lived in the United States 8 and 39 months on average. The subjects read a list of \vords in an English carrier phrase. The native Arabic groups produced sentence durations that \vere comparable to those of the native English controls (1.336 ms and 1.387 ms \'S. 1.376 ms).
Speech rate. detined as the number of syllables spoken per unit of time in a non speeded task (with or without pauses). has also been investigated. Speech rates were found to be greater for more advanced L2 students (Riggenbach.~1 991: Sabin. Clemmer. O'Connell. & Kowal. 1979) and to increase for L2 students over a 6-month period ( Lennon. 1990 ). In addition. speech rate was found to be correlated with ..tluency" ratings ( Pennington. 1992 ) and also with global accentedness ratings (Munro. 1999) .
Taken together. the studies reviewed here suggest that nonnative speakers are apt to produce longer utterances in an L2 than are native speakers. In addition. the studies indicate that speech rate increases as proficiency in the L2 increases. However. this has not been shown conclusively. In fact. Flege ( 1979) found no difference between the native and nonnative speakers' sentence durations: however. this study included only a small number of participants.
The first task of this study was to determine whether sentence duration differences between native and nonnative subjects are reliable and whether a linear relationship between sentence dur.Hion :mJ AOA exists. There are several reasons why one might question the conclusion that nonnative speakers produce L2 utterances with longer durations than native speakers.
The tirst reason is that some part. or all. of the effects reported previously may have been due to sampling error. There tends to be a great amount of intersubject variability in utterance durations when speakers are recorded in a laborarory setting (e.g., Byrd. 1994; Crystal & House, 1988a . 1988b : Gaitenby, 1965 . This may be due ro variations in the general pattern of speaking rate, individual differences in how people respond to the presence of a microphone, or both. The previous studies have examined comparatively few individuals. It is possible that the nonnative speakers who were selected had slower characteristic speaking rates or reacted differently to the laboratory setting than the native controls.
Second. the previously reported effects may have been due. at least in part. 'to the presence of disfluencies. It is not unreasonable to assume that nonnative speakers would produce L2 utterances less fluently than native controls. The presence of pauses (perceptible or even subperceptible) might have contributed to the reported effects. For example. the relative unfamiliarity of particular words in an L2 utterance might have led the nonnative subjects to pause. thereby increasing the duration of their L2 utterances.
Third. good readers tend to produce shorter utterances while reading than poor readers. In studies that examined speech that was read (Favreau & Segalowitz. 1982 . 1984 : Munro & Derwing. 1995 The present study controlled for all of these potential artifacts, Here. we examined the English sentences spoken by native Italian (N!) and native Korean (NK) speakers that were rated for degree of overall foreign accent in two previous studies. Flege et al. (] 995b) found that the later the NI speakers first arri ved in Canada from Italy, the stronger their foreign accents were in English. Similarly. Flege. Yeni-Komshian. and Liu (1999) found that the later the NK subjects first arri\'ed in the United States. the more strongly foreign-accented their productions of English sentences were.
The potentia] problem of sampling error was obviated by the large number of nonnative subjects examined -240 in each of the NI and NK groups. The potential problems of experimenter bias. differences in reading ability. and the presence of disfluencies were largely obviated by having the subjects repeat a standard set of recorded sentences that were presented auditorily. Nearly all of the sentences were produced fluently. The duration values for those few sentences that were not produced fluently (defined as having repetitions or pauses greater than 200 ms in duration) were replaced with group mean values. In addition. the subjects were given no instructions regarding speaking rate.
The second task of the study was to determine whether the AOA effect on sentence duration was a generalizable finding. We examined two populations of speakers (NI and NK) in unrelated experiments to replicate our findings. The results will be presented in four sections. The senrence durations of the NT and NK subjects are presented in the tirst two sections. Senrence durations were found to correlate with AOA for both groups. The third section presents the results of temporal acoustic analyses that examined in greater detail the utterances spoken by two subsets of~K subjects \vho produced English sentences with relatively long and relatively short durations. as well as the utterances spoken by a set of native English controls. One aim of this section was to determine whether the sentence duration effects were due to the presence of short pauses (""micro-pauses"). Another aim was to determine whether the effect was due to the presence of a larger amount of utterance-final lengthening for NK subjects with longer sentences than for the NK subjects \vith shorter sentences or for the nati ve English controls. The final aim was to idenrify the source of the sentence duration effects by examining the durations of three sound-segment types. The fourth section presents correlation analyses examining the relation between the NT and NK subjects' English sentence duration and a number of other variables (e.g .. the subjects' age. length of residence in an English-speaking environment. and the overall use of the L I).
NATIVE ITALIAN SENTENCE DURATIONS
Method
Subjects.
Of the 264 subjects. 24 were monolingual native speakers of Canadian English (NE) and 240 were native Italian (N!) speakers who had learned English as an L2 in Canada. Characteristics of the subjects are shown in Table  I . The mean chronological age of the NI subjects ranged from 38 to 49 years. The NT subjects were assigned to one of ten groups based on their AOA in (274) Canada. The mean AOAs of the ten groups ranged from 3 to 22 in roughly 2-year increments. The later the NI subjects had arrived in Canada, the more they reported using Italian (L I use). All of the NI subjects had a length of residence in Canada of at least ] 5 vears at the time thev were recorded (M = 32 years) .. 1995b . for additional details).
Procedure.
The~E and NI subjects were recorded individually in a quiet room using a portable audiocassette tape recorder. They were tested by a native English speaker who interacted with the subjects in English only. All 264 subjects heard the same recorded stimuli in the same order and were recorded using the same equIpment.
The elicitation procedure allowed for the collection of fluently produced sentences \\"ithout the need for reading. while also minimizing the likelihood of mimicry. The fj\"e English sentences shown in Table 2 were presented to the subjects on a written list. They were also modeled aurally in short dialogues using prerecorded stimuli. For example. the test sentence "He turned to the right" was elicited using these materials: After hearing a question (Voice I) and a response (Voice 2). followed by the same question a second time (Voice I), the subjects were asked to repeat the mode] sentence (i.e .. what was said by Voice 2). The delay between the model and its repetition. as well as the intervening speech material. were expected to minimize direct mimicry of the model.
Most important. no instructions were given regarding speaking rate. We considered it likely. however, that the subjects would tend to produce the sentences at a speaking rate that was similar to that of the aurally presented models. A working assumption of this study was that both the NE and NI subjects would tend to accommodate to the speaking rate in the tape-recorded English stimulus sentences in a similar way. As previously pointed out. speakers accommodate to their interlocutor in a variety of ways, including speaking rate (Giles & Smith, 1979) . Accommodative adjustments in speech rate have been linked to a talker's desire to appear likable or not likable (Putman & Street. 1984) .2
Measurements. The duration of all fluently produced sentences was measured. A sentence was considered to be fluent if it was free from any word. syllable, or segmental repetition and did not contain a pause longer than 200 ms. Given these criteria. we could be fairly confident that. if native versus nonnative differences in sentence durations were observed. such differences could not be attributed to the presence of readily detectable pauses or disfluencies.
The selected sentences were measured to the nearest millisecond from spectrographic displays on a personal computer. The durations were calculated as the difference in the location of cursors placed on the onset and offset of the sentences. The sentence onset was defined as the release burst or onset of frication (in sentences beginning with a stop or affricate). the onset of frication (in sentences beginning with a fricative). or the beginning of voiced formant struc-~--ture (in sentences beginning with a vowel. liquid. or glide). The offset of sentences was detined as the end of the voice bar in the nasal murmur (in sentences ending in a nasal). the end of the voiced format structure (in sentences ending with a vowel). or the end of the stop closure (as determined bv the offset of the formant transitions in sentences ending in :.lstop conson:.lnt)."'·
The first author measured all of the sentences. y[easurement reliability was assessed by remeasuring 28 randomly selected tokens of one sentence. These same sentences were also measured by the second author. Intrameasurer error was quite small. The mean Juration for the t\\·o sets of measurements by the tirst author differed by less than I ms. with :.1high correlation between the two sets of measurements (I' = .99). Intermeasurer difference was :.1lsosmall -less than 5 ms (I' = .99).
As mentioned earlier. sentences containing repetitions or pauses longer than 200 ms were not measured. Only 23 of the 1.320 sentences (2CJc) \\-'ere omitted for this reason. To ensure that there would be ti\'e sentence duration values for each subject. the missing values were replaced by a subject's mean sentence duration. weighted by the mean duration of the sentence in question. For example. if a subject's sentence was excluded. the overall average (across speakers) for that particular sentence was multiplieJ by the average proportion of the speaker" s sentences to the mean sentence durations.
Results and discussion
Late-arriving groups of NI subjects were found to h:.1ve sentence durations longer than the e:.1r1y-arriving groups. who had sentence durations comparable to the~E group. The latest arriving group (NI-IO) produced sentences with an average duration of 1.390 ms -15% longer than the NE control group.
The mean duration of sentences spoken by the NE controls (1.20'+ ms) was almost exactly the duration of the model sentences that were presented over the loudspeaker (1.212 ms). It is possible that the characteristic speaking rate of the 24 NE controls matched that of the model utterances. More likely. they tended to accommodate to the speaking rate of the model utterances.
The mean duration of the fi \"e English sentences spoken by each of the 264 subjects was calculated. Figure I shows the Nls' mean sentence durations as a function of their AOA in Canada. (The 24 NE controls were assigned an AOA of 0 because they were born in Canada.) The later the NT subjects had arrived in Canada. the longer their sentences were. The correlation between the 240 NT subjects' AOA and their sentence duration was r = .33 (df = 238. p < .0 I).
The 264 mean sentence durations were submitted to a one-way ANOV A examining the effect of group (I] levels). The significant group effect F(lO, 253) = 4.7, p < .0], was explored by a Tukey's HSD test The sentences spoken by groups NI-8, NI-9, and NI-I 0 (with mean AOAs of 17, 19, and 22 years) were significantly longer than those of the NE subjects, whereas the sentences spoken by NI groups with AOAs less than 17 years did not differ significantly from those of the NE control group. See Table 3 for group means. standard deviations, and results of Tukey's test. the NI subjects' English durations were positively correlated with their AOA. As far as we know. this is the first time such a relation has been reported. The question addressed here is whether this finding is generalizable.
In this section. we report on an attempt to replicate the~I finding with a different population of speakers in an unrelated experiment.
In this experiment. the duration of English sentences spoken by nati\·e Korean (~K) subjects who differed according to their AOA in the United States \vas measured. The English sentences spoken by the NK subjects were rated in a previous study for overall degree of perceived foreign accent (Flege et al.. 1999) but were not measured acoustical Iy.
Method
Subjects.
Of the 264 subjects recorded in College Park. Maryland. 24 were monolingual.
NE speakers and 240 were nari\·e Korean (~K) speakers who had learned English as an L2. As shown in Table -J. . the NK subjects were assigned to one of ten subgroups based on their AOA. in the United States. The groups' mean AOAs ranged from 3 to 22 years. All of the NK subjects had a length of residence in the United States of at least S years at the time they were recorded. The mean chronological age of the NK subjects ranged from 23 to 34 years. Again. note that the older the subjects were when they arrived in the United States. the greater their L1 use was (for additional details. see Yen i-Komshian et a1 .. 1997. submitted) .
Procedure.
The NE and NK subjects were recorded individually in a quiet room using a portable audiocassette tape recorder. They were tested by college- Fit a ring to the water tap. Get rid of the soot behind the seat.
Pat took the lead on the way to the ship. Read the theme he wrote about the zoo.
It is fun to play chess with a rook. Tom tried to shoot a rat near the shack.
The tip of the cane was made of teak. aged Korean/English bilinguals who interacted with the subjects in English and Korean.
M (SD)
The elicitation differed from the one used in testing the NI subjects. The subjects heard a recording of a male native English speaker's production of 10 sentences (listed in Table 5 ). The stimulus sentences were produced at a moderate to slow speaking rate and had an average duration of 2.015 ms. The subjects were also given a written list of the sentences to be repeated. The sentences were presented over a high-quality loudspeaker (Acoustic Research) at a comfortable listening level. Each sentence was presented twice, followed by a short tone.:
The interval between the first presentation of the sentence and the tone was approximately I second; the interval following the second presentation of the sentence was approximately 4 seconds. The subjects were instructed to repeat the sentence after both presentations, waiting for the tone each time before speaking. The delay between the native-produced model and the subject's repetition of it was expected to minimize the possibility of veridical imitation from sensory memory. The subjects' second productions of the 10 sentences were measured because they were more distant temporally from the models and were more likely to have been produced tluently than the first productions. Again, no instructions regarding speaking rate were given.
Measurements.
The sentence durations were measured using the same procedures as described for the NI subjects. Some 293 sentences (11%) were excluded because they contained a part or whole repetition or had a pause longer than 200 ms. In al] analyses. the duration value for distluent sentences was replaced by the weighted mean duration of that sentence for the group to which a subject belonged. (See the description in the NI section for more details.)
Results and discussion
The mean duration of the 10 sentences spoken by each subject was calculated. In Figure 2 . the mean duration for the~.+O~K subjects is plotted as a function of AOA. The mean duration of sentences spoken by the 2.+ NE controls. who were assigned an AOA of O. is also plotted. as is the average duration of the 10 stimulus sentences the subjects were asked to repeat.
The latest arriving group (NK-lO) had a mean sentence duration of 2.251 ms -'lICk longer than the NE mean. The );E controls' sentences were somewhat shorter than the stimulus sentences (I.ST7 \·s. 2.015 ms). This was also true for the sentences spoken by the early-arriving~K subjects.
As AOA increased. the NK subjects' sentence durations also increased. The simple correlation between the 240 NK subjects' AOA and sentence duration was .58 (df= 238. P < .00 I). That means that 349c of the variance in the NK subjects' sentence durations could be accounted for by knowing when they had immigrated to the United States.
The mean sentence duration scores were submitted to a one-way ANOVA examining the effect of group (II levels 1. The .-\NOV.-\. was significant. F( 10. 253) = 17.1. P < .00 I. Pairwise differences between groups were examined using Tukey' s HSD tests. The nonnative subjects in groups NK-5 through NK-lO (all of whom had arrived in the United States after the age of 10 years) were found to have produced significantly longer sentences than the NE subjects (p < .0 I).
See Table 6 for group means. standard de\·iations. and results of Tukey' s test.
Despite a number of differences between the NK and NT groups. the NI results were replicated with the NK group. The later in life the NK subjects began to learn English. the longer in duration their English sentences were. This suggests that the a!!e effect on sentence durations is a robust and generuliZilble effect.~ • There were. however, important differences in the results between the two studies. First. the correlation between AOA and sentence durations was smaller for the NI than for the NK subjects. The stronger correlation for the NK subjects is in part due to the greater difference in sentence duration between the early and late arrivers than that between the NI subjects. The difference between the NK-10 and NK-I groups was 308 ms. whereas it was l87 ms for the NI-10 and NI-I groups. In addition. the sentence durations for the NK subjects had a greater variance (S2 = 36.48 l) than those of the NI subjects (52 = l8.388). F(239, 239) = 1.98. P < .0 I.
The second difference between the two studies was the age at which native versus nonnative differences first became apparent. NI subjects who began learning English after the age of l6 years produced sentences that were significantly longer than those of the NE controls, whereas NK subjects who began learning English after the age of lO years produced significantly longer sentences than the NE controls.
The basis for the apparent difference between the NI and NK subjects is uncertain because the two studies differed in several ways. Perhaps the greater length of residence of the NT than the :-iK subjects in an English-speaking environment (32 vs. 15 years. on average) was an important factor. That is, the sentence duration effect may diminish as nonnative subjects gain experience in their L2. Another possible explanation is that the sentences repeated by the NI subjects were shorter. and arguably easier. than those repeated by the NK subjects. Another possibility is that the Ll of the NK subjects was more highly acti vated than that of the 0iI subjects because the NK. but not the NT. subjects produced sentences in both of their languages during testing.
ADDITIONAL TEMPORAL MEASUREMENTS
This section presents the results of temporal acoustic analyses that examined the utterances spoken by two subgroups of NK subjects and a group of NE controls in greater detail. The NK subjects were selected for the additional analyses because they showed a larger AOA effect than the NI subjects and were perhaps more likely to reveal the nature of the effect. One NK subgroup had relatively short sentence durations and early AOAs. and the other NK subgroup had relatively long sentence durations and late .-\OAs. These two subgroups thus retlected the larger set of data. Subgroups \vere analyzed because making finegrained temporal measurements for all of the :::6-1-subjects would have been too cumbersome. The acoustic data presented in this section. therefore. provides a representative sampling of the participants.
Subjects.
Some 45 subjects without any missing data were selected from the original population of 264 subjects (see Table 3 ). The 15 NK subjects with the shortest mean sentence durations were assigned to the more proficient group (because their sentence durations resembled those of the NE controls). The 15 NK subjects with the longest durations were assigned to the less proficient group 
MP > LP
(because their sentence durations di\"erged from those of the NE controls). The third group consisted of IS randomly selected NE speakers. Of the ]5 subjects in each group. either 7 or 8 were female.
As summarized in Table 7 . the more proficient NK subjects made fewer segmenta] errors. had fewer errors on a grammaticality judgment test. and had a better overall pronunciation of English than did the less proficient NK subjects.
Aims of the analyses.
The analyses of sentences spoken by the three subgroups had three aims. The first was to determine if the sentence duration effects reported earlier were due to the presence of micro-pauses. Recall that only sentences having pauses greater than :200 ms were excluded from analysis. The second aim was to determine if the relativelv long duration of English sentences -~s poken by some NK subjects was due to an unusually large amount of utterancefinal lengthening. Utterance-final lengthening may differ across languages (OIler. 197 :2). Perhaps utterance-final lengthening is greater in Korean than in English. and the NK subjects transferred this relatively larger effect into English. Different explanations would be required for the AOA effect if that effect were localized in the final few segments of an utterance, as opposed to an effect that was distributed over the entire sentence. The final aim of these analyses was to determine if the three groups differed equally in terms of the duration of three classes of segments: vowels. sonorant consonants, and obstruent consonants. 
Procedure.
The 5 of the original 10 sentences that had the least missing data for all subjects (sentences 1. 2. 3. 4. and 8 in Table 5 ) were selected for analysis.
The durations of individual segments that could be measured from a spectrographi~displa;' were measured to the nearest millisecond. As already men-tioned, none of the sentences had auditorily detectable pauses greater than 200 ms. The remaining micro-pauses were measured. Micro-pauses, defined as periods of no acoustic energy (other than stop gaps), occurred in only a few locations in the sentences. The durations of words were calculated by adding appropriate segment durations.
Results and discussion
Micro-pauses.
The first finding was that the age effect on sentence durations was apparently not due to the presence of micro-pauses in sentences spoken by the less proficient NK subjects.
The total duration of micro-pauses in each sentence. if any, was calculated. Then the average duration of micro-pauses per sentence \vas calculated for each subject. Finally, the ratio of total average micro-pause length to mean overall sentence duration was calculated for each of the 45 subjects. The ratios for the three groups were similar (NE = .0 II. less proficient NK = .0 16. more proficient NK = .0 II). A one-way ANOV A examining the effect of group (three levels) was nonsignificant. F(2. 42) = 2.22. p> .1. Thus. the difference in overall sentence length found for the more and !ess proficient NK speakers can not be attributed to the presence of micro-pauses.
Sentence-tinallengthening.
The possibility existed that the relatively long sentences spoken by the late-arriving ;\K subjects were due to a greater amount of sentence-final lengtheningl than that produced by the ;\E controls. Sentencetinallengthening. in English at least. is due primarily to the elongation of vowels (Gaitenbv. 1965: Oller. 1972 ). An analvsis \'iaS undenaken to determine if ..
the vowel duration differences between the less proticient NK and NE subjects were restricted to the vowels found in sentence-final words and if the lengthening of sentence-final words vis-a-vis nontinal \vords was greater for the less proficient NK subjects than for the~E subjects.
The ratio of the duration of words occurring at the end of sentences to the duration of the entire sentence in which the \vord was found was calculated for each subject. The ratios for each of the three groups differed little: NE = .21. less proficient NK = .20. more proticient NK = .21. The final word-to-sentence ratios were submitted to a mixed-design Group x Sentence ANOV A, which yielded a nonsignificant main effect of group. F(2. ,,) ,2) = .3. p > .10. but a significant main effect of sentence. F(4. 168) = 90.7. p < .01. The significant effect for sentence was not surprising. as the sentences differed in number of syllables and words. The interaction was nonsignitic:mt. F(8. 168) = 1.7. p < . 09. This indicates that the less proficient NK subjects did not lengthen sentence-final words more than the NE subjects or the more proficient NK subjects.
Segment types. Most of the 102 vowel and consonant segments in the sentences could be reliably measured. However. 19 segments were not easily measured and so were excluded from the following analysis. (These segments include liquid/vowel and two-stop sequences.) The remaining segments were classified as one of the following segment categories: vowels (17 = 33 segments). sonorant consonants (17 = 1 ]). and obstruent consonants (17 = 39). Figure 3 shows the average duration of the three segment types for the three groups (NE. more proficient NK. and less proficient NK). The less proficient NK speakers produced longer segments than the NE and more proficient NK groups across all segment categories. but their vowels showed a greater difference from the other two groups than their sonorants and obstruents did.
The three category means for each speaker were submitted to a Group (NE. These results suggest that the difference in sentence durations produced by late-arriving NK subjects was largely due to their production of vowels and sonorants. The late-arriving NK subjects produced longer vowels in al1 (sentential) contexts, not just in vowels found in utterance-final position.
CORRELATION ANALYSES
In the previous sections, we have observed an effect of AOA on the duration of sentences spoken by the NK and NI subjects. The relation between AOA and sentence duration might seem to be obvious and straightforward, but it is not. This is because, as in previous research (Bachi. 1956 : Bahrick. HalL Goggin. Bahrick. & Berger. 1994 . AOA was confounded with other factors that mi!!hth ave potentially intluenced the sentence durations.
Chronological age and other subject variables were confounded with AOA in the two sets of data examined here. The first study examined 240 Italian/English bilinguals living in Ottawa. Canada. The second study examined 240 Korean/ English bilinguals living in and around \V:J.shington. DC. The AOAs of the subjects in both studies ranged from .2 [0 23 years. E\"en though most of the subjects \vho :1rrived in North Americ:1 after the age of 12 ye:1rs had studied English as an :1c:1demic subject in schoo! before immigrating. AOA represented the age of the subjects at the time of their first extensi\"e exposure to. and use of. English.
The NK and NI groups were simibr in th:1t they consisted of individuals who had learned English in North America. Ho\vever. the two groups differed in a number of respects. The NI subjects were o!der on average than the NK subjects (44 vs. 26 years) and had lived for :J.longer time in North America at the time of testing (32 vs. 15 years on average). .-\ methodological difference is that the NI subjects were tested only in English by a monolingual spe:J.ker of English. \vhereas the NK subjects were tested in both English and Korean by bilingual Korean/English experimenters.
Similar confounds with AOA \vere observed for both groups. The fact that the same pattern of intervariable confounds emerged in bl)th studies suggests that these confounds are an inherent characteristic of populations of immigr:J.nts in North America. First. chronologic:11 age was confounded with AOA. The later the subjects in both groups had :J.rri\ed in North .-\merica. the older they were at the time of testing (I' = .52 for the 011 subjects and r = .68 for the NK subjects). The second confound involved length of residence in North America.
The later the subjects arrived. the shorter their length of residence was (I' = -.44 for the NI subjects and r = -.42 for the NX subjects).
Longer experience speaking English or relative youth might be associated with relatively short sentence durations. If so. then the lare-arriving subjects \Vere disadvantaged in two ways with respect to~arJy-arriving subjects. One might argue that being older when tested would not be expected to lead to a greater divergence from the phonetic norms of an L2. However. having used the L2 less at the time of testing might re:.lsonably be expected to have an effect. 
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(The importance of the confound between AOA and length of residence in the two studies being discussed was probably mitigated somewhat by the fact that subjects were required to ha\'e lived in ;\iorth America for at least 8 years to be admitted to either stud\ '.) A third confound with .'\0:\. also evident for both nonnative groups. is probably of greater theoretical and practical importance. The subjects wer~asked to evaluate how often they used their L I and L2 in a variety of contexts.~The later the nonnatiH' subjects had arrived in North America. the less they reported using English (,. = -.4 7 for the NT subjects and r = -.56 for the NK subjects).
Conversely. the later the nonnative subjects had arrived in North America. the more often they reported using their native language (r = .4.:1-for the NT subjects and r = .66 for the NK subjects).
To summarize. three variables that could potentially affect L2 sentence durations were correlated with the NT and NK subjects' AOAs (chronological age. length of residence. and amount of L I use). Furthennore. these three variables were all correlated with one another and with AOA. both for the NT and NK subjects (p < .01).
The following technique was used to determine whether the sentence duration effects reported here were indeed due to variations in AOA as opposed to variables confounded with AOA. First. we computed the simple correlations between sentence durations. on the one hand. and AOA. age. length of residence. and L I use. on the other hand. We then exami ned the relation between sentence duration and each of the other four variables in a series of partial correlations.
The results for the simple and partial correlations are summarized in Table 8 for the NK subjects and in Table 9 for the NT subjects. The AOA effect on sentence duration for the NK subjects appears to be a real effect. The AOA-duration correlation remained significant when the confounding variables were par- Table 9 .. -\OA \vas nor the only important variable. Both age and length of residence were independent predictors of sentence duration. Age and length of residence retained their signific;mce when AOA was partialed our.
The differing effect of AOA in the t\VOgroups of speakers could be due to their di fferent characteristics. In particular. the NI speakers were older and had been in North America for a longer time than the NK speakers. Perhaps the effect of chronological age on sentence duration is more prevalent in an older population.
In summary. we can conclude that AOA affected sentence durations of the NK subjects independently of confounded variables. AOA also intluenced the sentence duration of the NI subjects. but it was not the only important variable.
GENERAL DISCUSSION AND CONCLUSION
Previous research (e.g .. .'vlunro & Derwing. 1995) has suggested that an L2 is produced more slowly (i.e .. with longer utterance durations) than is the native language. However. no previous study has examined the relation between the age at which L2 learning commences and the duration of tluently produced English sentences. Here. in a nonspeeded sentence repetition task. we found that the duration of English sentences was correlated positively with the age of first exposure to English (indexed by the nonnative subjects' age of arrival in an English-speaking country). This correlation was first shown with the native Italian subjects and then replicated in an unrelated study using native Korean subjects.
More detailed acoustic analyses of sentences spoken by late-arriving NK subjects suggested that the native versus nonnative sentence duration differences may be largely due to differences in vowel and sonorant duration. The AOA effect remained significant when confounding variables were partialed out. For the Korean speakers. AOA was found to be the most important variable. and for the Italian speakers. AOA was one of several important variables.
The correlation between AOA and sentence duration for two independent samples of L2 learners is taken as preliminary support for the hypothesis that the more established the L I is at the time of first exposure to an L2. the more it interferes with L2 production and the greater the processing resources required to suppress it. Previous studies (Fox. 1996 : Meuter & Allport. 1999 : WeberFox & Nevil1e. 1999 : Yeni-Komshian et al.. 1997 indicate that the LI and L2 linguistic systems interact with each other and that the interaction can produce reduced production proficiency. creating stronger foreign accents as wel1 as slowing processing in one of the languages. We propose that the interaction of the L 1 and L2 affects processing rate. here indexed as sentence duration, and that the more established the L I system is at the time of L2 learning, the more effect it will have on the L2. Further research into the relationship between sentence duration and other factors needs to be conducted. however. before any firm conclusions can be drawn. For example. it \\'ould be valuable to examine the effect the amount of experience speaking the L2 has on the duration of L2 sentences in a crosssectional design. Both the number of years speaking the L2 and the amount of recent use might be varied. The questions of interest would be whether sentence durations decrease s:'stematically as a function of length of residence in a predominantly L2-speaking country and ho\v much the L2 was used in a certain period of time preceding the test. If either of these factors was found to influence sentence durations. it \\Quld still be necessary to ascertain whether the amount of practice using the L2 or the influence of the L I system on the processing and production of the L2 was the source of the effect.
It would be valuable to examine the duration of the sentences spoken in the LIas well as in the L2. Would it be the case that LJ sentence durations are inversely related to AOA in the predominantly L2 speaking environment? That is, would it be the case. for example. that the later Koreans arrived in the United States, the shorter (and the more like those of Korean monolimwals) their Korean sentences would be? If so. it would mean that the duration of the sentences bilinguals produced in their L I and L2 would be inversely related. Such a finding, if obtained. \\ould suggest the possibility that proficiency in the L! and in the L2 is inversely related. It would not rule out the possibility, of course. that certain individuals are highly proficient in both the L I and the L2.
Finally, the data presented here were based on sentences produced fol1owing an aural model. without instructions as to speaking rate. One wonders if the late-an"iving subjects who produced English sentences with relatively long durations could have produced sentences with shorter durations resembling those of the English monolinguals had they attempted to do so. That is. would no AOA effect have been observed here had the subjects been asked to repeat the sentences as rapidly as possible? Or. would the sentences of all subjects have de-creased by a constant percentage? The latter finding, if obtained, would suggest· that the effects we observed represent fixed constraints on the production of the L2, perhaps due to competition between the L 1 and L2 for processing resources.
